Response of aorta and branch arteries to experimental intraoperative irradiation.
Injury to the aorta was evaluated in dogs 2 and 5 years after fractionated irradiation (EBRT), intraoperative irradiation (IORT) or a combination. Doses greater than 20 Gy IORT combined with 50 Gy EBRT given in 2 Gy fractions or 30 Gy IORT alone were accompanied by a significant risk of aneurysms or large thrombi as determined at necropsy 4 to 5 years following irradiation. Narrowing of the aorta as detected by aortography occurred at 5 years but was not detected earlier. The ED50 for aortic narrowing was 38.8 Gy IORT and 31 Gy IORT plus 50 Gy EBRT. The ED50 for branch artery injury was 24.8 Gy IORT alone and 19.4 Gy IORT plus 50 Gy EBRT. The difference in ED50s for IORT alone and IORT plus EBRT indicates that the contribution of the EBRT dose in terms of an IORT dose for aortic narrowing was 7.8 Gy and for branch artery injury was 5.4 Gy. The ED50 for incidence of small thrombi in the aorta was about 29 Gy for IORT alone and 23.5 Gy for IORT combined with EBRT. Fibrous thickening of the adventitia was measured and the effect of the 50 Gy EBRT component of a combination of EBRT and IORT was determined to be equivalent to 10 to 12 Gy IORT. Based on the various estimates, IORT doses of 10-15 Gy have an effect of 5 times or greater the amount given in 2 Gy fractions. At all EBRT doses and at lower IORT doses the intima was greatly thickened. At IORT doses of 20 Gy or above there was a dose related decrease in intimal thickness to near normal values. This was probably due to cell killing or inhibition of intimal proliferation that predominated at higher doses. Although the risk of serious vascular complications appears low following IORT of humans, this may be due to short observation times and the fact that IORT doses currently used are usually 20 Gy or less; this may be near the tolerance for late response of larger arteries. Only one dog in this study had complete rupture of the aorta causing death. Five other dogs at high IORT doses had near ruptures of the aorta but were clinically normal.